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INTRODUCTION

The coal gasifier program currently underway at the General
Electric Corporate Research and Development Center has as its goal
the development of an advanced coal-to-gas conversion system which
will permit subsequent removal of pollutants before combustion and
permit maximum utilization of the fuel in a combined gas turbine/
steam turbine powerplant. The development of such an advanced
conversion and clean-up system is required if the advantages of
the new generations of ultra-high temperature gas turbines is to
have a wide impact in mid- to base-load power deneration based on
coal . In fact, the requirements of the environment have encouraged
integration of advanced fuels supply and utilization systems. Emis-
sions levels of SOy, NOy, and particulates demand a coal conversion
process which imposes an efficiency penalty on the overall cycle which
the new utilization systems must counterbalance with efficiency in-
creases. On the other hand, the generally higher temperatures of the
advanced utilization systems seem to require an ever cleaner fuel due
to accelerated consequences of corrosion, erosion, and deposition on
gas -path parts, and tendency toward increased NO, production.

The work presented here describes some of the early commissioning
trials of an advanced gas producer called GEGAS-D. This unit accepts
a reactant blast of air and steam and produces a fuel gas at 300 psi
(20 ata) with a composition of approximately 25% CO, 15% H,, 3% CHg, 3
7% COy, 50% Ny and a heating value of about 160 Btu/sft3 (1500 kcal/Nm”).
A well-burned ash is the only solid product. The current trials are
part of a program which addresses four major needs of the fuels conver-
sion system in an advanced, combined-cycle based on coal:

(1} A broad acceptance of coals with high caking and swelling
properties.

(2) The ability to handle crushed, run-of-mine coal with high
contents of fines.

(3) Minimum use of process steam.

(4) A reduction in the labor force traditionally required to
operate coal gasifiers.

These four major needs are being addressed in distinguishable portions
of the GEGAS program.

A deep bed agitator is employed at the too of the GEGAS reactor
to allow uvse of caking coals. The agitator is an advanced version of
the type pioneered at ERDA's Morgantown Energy Research Ce?t?r in the
42" diameter fixed bed which has operated there since 1968 2}, as
the coal cakes, the agitator slowly breaks the large char masses to
permit the gas-solid contact required for gasification.
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A coal extruder is being developed to handle coal fines. It
accepts underscreenings from the crushed run-of-mine product, blends
these fines with byproduct tar, and simultaneously compacts and feeds
this blend through a seal directly to reactor pressure without re-
quiring a lockhopper. In addition to avoiding blowover of the fines,
this technique also reduces the lockhopper, feeding requirement and
provides a means by which the hyproduct tar can be reinjected (as
binder) with the feed and cracked. Work on the extruder has been
presented elsewhere(3) and will not be covered here.

The reduction in steam consumption is being enabled by the use
of a novel grate system at the bottom of the gasifier. Traditionally,
steam consumption has been set empirically by reactor operators who
would usually employ a large excess of steam so as to avoid problems
with the formation of ash clinkers in the fuel bed(4). Normally,
even locally-formed clinkers would necessitate reactor shutdown.

The GEGAS grate permits direct mechanical access to such clinkers
while the gasifier is on-line. It then breaks and discharges them
from the reactor with the rest of the ash. With this feature, the
operator can now reduce the margin of excess steam, and steam
utilization in the reactorwill be increased from 40% to close to 80%.

Finally, the program aims to reduce manpower requirements}for
the gas production plant by use of minicomputers for data acquisition,
process optimization, and process control. With equipment now
available to automatically "poke" the bed (stirrer), remove ash from
the bed, and operate lockhopper valves for charging coal and discharging
ash, minicomputers can actuate these mechanical functions on a routine
basis. However, even beyond this, the computer can evaluate producer
performance by comparing it to predicted performance in gasifier
mathematical models(5), proceed to optimize the producer efficiency, and
alert the operator to any out-of-spec parameters that might arise before
they become serious.

Beyond simply controlling the gas producer, the computer system
can become a part of the overall combined-cycle master control system.
While the gas producer is but a small unit operation in the overall
cycle, it must be closely integrated with the rest of the powerplant.
Figure 1 shows conceptually how a GEGAS gasifier could be integrated into
a General Electric STAG combined cycle. Calls for increased fuel gas
will require more air extraction from the gas turbine and more feed water
from the steam cycle. Variations in gas load will require direct com-
pensation by the gas clean-up system because of the impracticality of
storing large volumes of this rather lean gas. Computed, rather than
hard-wired, logic will be employed in the master control system to
give the powerplant operator much more flexibility in meeting variable
load demands with coal of lowest cost but of varying quality.

This paper will describe work which addresses the needs of this
plant to handle caking coal (1) at low steam consumptions(#3). It
follows work done in this laboratory at low pressure in a smaller
scale gasifier(G) vhose operation provided a design base for the
present equipment.

159



THEORY

The purpose of this paper is primarily to describe the results
from the GEGAS producer operating with a highly caking coal at low
steam consumption. The assumptions and theory leading to the
mechanical equipment design will not be discussed. However, it is
desirable to discuss the gasification process itself to describe
the various reaction zones in the gasifier.

The fixed bed gas producer operated here has the traditional
counterflow configuration in which coal slowly settles toward the
grate while it is consumed by the uprushing reactant gases (the
steam and air "blast"). &Ash is withdrawn from the bottom of the
open shaft of fuel by the grate. Coal is charged as required to
maintain a present solids level in the reactor, usually between
four and twelve feet. The amount of steam admitted with the air
is adjusted to such a proportion of the air that maximum bed
temperatures lie somewhere below the point where ash fusion
begins to give problems. Operator judgement in the latter setting
is based on the condition of the ash being discharged from the
system, the mechanical "feel" of the bed (from poking or other
feedback indication such as grate torque), and local temperature
measurements, usually from indicators in the walls of the shaft
cavity.

Schematically, the reactor system can be represented as shown in
Figure 2. The temperature profile shows a local maximum at the end
of the oxidation zone. Then the gas temperature drops through the
reduction zone as the sensible heat drives the reactions of

c + HZO + CO + H2

¢ + co, ¥ 2co.
The point at which these reactions "freeze" marks the end of the
reduction zone. It can be usefully characterized as a point of
reaction equilibrium for the purposes of producer modeling even
though it is known to be only a pseudo equilibrium(7). above that
point the gas simply transfers sensible heat to the incoming coal.
The effect of this regenerative heat exchange at each end of the
gasifier shaft is to force sensible heat toward the center of the
reactor shaft where it is utilized to drive the above reduction
reactions. Conversely, heat loss from the reactor has a deleterious
influence on the efficiency of converting latent heat of the coal to
latent heat in the producer gas. BAn estimate of this effect has been
made using a simple, one-dimensional model of the reacting system.
The results indicate that about two Btu's of latent heat in the pro- (6)
duct gas are displaced for every Btu lost from the conversion process .
As a result, it is important to minimize thermal losses in the conversion
process.

and

EQUIPMENT
Vessel
The GEGAS-D gasifier vessel itself is a 5' 0.D. shell with 1"
thick walls of 285 grade C steel. It is shown in Figure 3. Since

the vessel is an experimental apparatus, ready access to the vessel
interior and mechanicals is provided by several 5' flanges which
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allow the vessel to be separated easily by means of a hydraulic
lifting system and roller scheme. Since the vessel proper is 24°'
in height with coal lockhoppers above and ash lockhoppers below,

a 60' enclosed tower was constructed integrally with the gasifier
supports with a floor every 10 feet to provide working access to
the vessel. The top hemi-head of the vessel is even with the
forty foot level of the tower as shown in Figure 4. (The extruder
is not connected to the gasifier in the arrangement shown.)

The vessel shell and mechanicals, weighing on the order of
55 tons, are supported from a point just below the start of the
top hemi head to minimize the effect of thermal expansion and
provide easy disassembly. The externals such as lockhoppers are
bolted directly to the gasifier but are supplementally supported
with coil springs.

The shell of the vessel is protected from the high temperatures
of the gasification process by two layers of low iron, castable
refractory with properties as shown in Table I. Major penetrations
are flange-cooled.

TABLE I

Vessel Refractories Properties

Hard-Cast Insulating
Inner Layer Outer Layer
Thickness (in) v 3 3/4 ’ 8 3/4
Density (lbm/ft>) 165 80
Conductivity (Btu-in/hr—ft2-°F) 10.4 1.8
@1500°F
Cold Crushing Strength (psi) 5000 ) 250
Mechanicals

To provide a continuous coal feed to the gasifier, an auger
operating at pressure receives 9 cubic foot batches of coal from
the feed lockhopper and meters it horizontally into the vessel.

In addition to providing continuous rather than batch vessel feed,
this arrangement reduces lockhopper elevation with the side feed
configuration, and forces the coal into the gasifier under condi-
tions of tar condensation and deposit accumulation.

Conditioning of the bed from the combustion zone upward is
accomplished with a stirrer mechanism that enters the gasifier
through the center of the top hemi-head. Three horizontal agitator
paddles are spaced over the central drive shaft and are series
water cooled. The stirrer can precess from the very top of the
gasifier where it sweeps deposits from the dome and offtake areas
down to the vicinity of the grate to break coke formations.
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The grate is equipped with a similar agitator arm which dis-
charges ash in the lower position and can be raised and rotated to
break weakly fused clinker formations. Discharged ash falls into a.
pit from which it is pushed into the chute leading to the ash
lockhopper. An ash guench system is provided to cool the ash as
needed. This system also serves to recover some of the sensible
heat of the ash as steam and reduces dust on discharge.

Gas Handling

Reactant air at up to 500 psi is indirectly heated to 400°F
mixed with steam from a 450 psi electric boiler, and ducted under
the grate. Pairs of orifices are provided in the steam and air
lines to cover the flow ranges desired.

Inside the gasifier the blast of steam and air passes up through
the center and over the edges of the grate. The gas passes upward
through the various zones in the settling bed of coal and exits
through a fixed diameter flow nozzle in the gasifier off-take flange.
From this point, the hot but low pressure gas passes through a dust
cyclone and upward through mufflers to the flare on the tower roof.
All of the gas produced in these runs was flared hot.

Instrumentation

In order to monitor the operating temperatures of the gasifier,
thermocouples were placed at one foot increments along two sides of
the gasifier with the tips mounted flush with the inside surface of
the castable refractory. Thermocouples are also provided to measure
gas temperatures throughout the reactant and product gas systems.

Thermocouples were spot welded to the vessel shell in various
locations to monitor metal temperatures. An automatic circuit tests
these temperatures against an operator-set maximum and provides an
audible alarm if over-temperature occurs.

Bed level is monitored by a plumb-bob type system. Resonant-
type level indicators have been employed in the lockhoppers. Coal
is weighed by a strain gauge transducer immediately prior to each
lockhopper f£illing cycle. Various pressures on the gasifier lock-
hopper and gas handling systems are measured by individual millivolt
output Bourdon tube transducers so that panel meters and the computer
can have access to the signals. The quality of the gas produced is
measured with a computer-monitored gas chromatograph which analyzes
a cooled sample every seven minutes. Volume percentages of Hy, CO,
COy, CHy, Oy and Nj are reported. The differential pressure across
the orifices are measured with strain gauge transducers.

The control panel for the gasifier laid in a semi-graphic manner,
has proven very satisfactory in operation. It is laid out in sections
so that an operator or operators can sit in front of the panel and
operate and/or take data in a very straightforward manner. There is
a materials handling section, air-steam flow section, lockhopper
sequence section, and a gasifier mechanical section. Control can
also be switched to local panels by key-operated switches on the
master control panel.

The computer based data acguisition system has proven to be very
productive. During the past several runs, the computer has recorded
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all data inputs on magnetic tape or magnetic disc and presented the
operator with a visual display of these inputs converted to appro-
priate engineering units every 10 seconds. This display feature
has been extremely helpful in data taking and gasifier operation.
In addition to gas flows and gas analysis, it records operation of
gasifier mechanicals including the charged weights of coal.

OPERATION PROCEDURE

For these runs, the gasifier was started on anthracite coal
to minimize the tar build up on cold surfaces. In preparation for
operation, the gasifier was loaded with 1 1/2 feet of ash, then
about 1 1/2 feet of wood scraps and 5 feet of anthracite. Before
ignition, the bed was warmed for about an hour with 400° air. Air
flow was then cut back and a simple hydrogen-fueled ignition torch
inserted through a removable 1" diameter plug located at the base
of the wood layer. The wood layer provided for adequate f£lame
spread before the coal was ignited.

After about 30 minutes of torch application, the torch was
withdrawn and the air flow increased to a high bank condition with
no steam flow. When the lower wall temperatures approached the
maximum allowable values, steam was introduced along with the air.
Once the exit gas temperature reached 700°F (about four to six hours)
the coal feed was switched from anthracite to bituminous.

During typical operation the combustion zone wall temperatures
were maintained at maximum values using the steam admission as a
control. The steam ratio was not adjusted for every variation in
the maximum thermocouple reading. Only obvious temperature trends
either upwards or downwards would encourage steam flow adjustment.
Operator judgement is an important factor in steam control.

Ash discharge to the pit was intermittent during these runs.
Periodically the grate was slowly raised and rotated to be sure
that the walls were cleared of any adhering slag. The typical
ash output was 1" - 3" diameter chunks of clinkered material.

The stirrer was rotated continuously to agitate the region
about two feet below the top of the coal bed. Periodically it
was precessed down to an elevation 4 feet above the grate pan
and then raised back to its original position.

Using the bed level detector and gas offtake temperature as
guides, the coal bed level was maintained constant. The coal feed
auger was allowed to run continuously in order to even out the
batches it received from the lockhopper.

RESULTS

The GEGAS-D gas producer has been operated successfully to
date on Pittsburgh #8 coal at pressures of 200 and 300 psig in run
durations of 40 and 10 hours respectively. About 100 hours of
operation at 200 psi or above were accumulated by November, in total.
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From the first -40 hour run, an intermediate 15-hour period
was taken for the mass and heat balances shown in Tables IT and ITI,
respectively, Gas composition variations over the period are shown
in Figure 5. Gas compositions from the GEGAS tests were obtained
by carefully integrating gas analyses over the fifteen-hour run-
period. Mass balance calculations were made by forcing a nitrogen
balance to obtain exit gas flow (to both the exit orifice and
lockhoppers) before the carbon balance was computed. Then the oxygen
balance was forced to obtain the exit water flow. The good balances
on carbon and hydrogen served as a check that major masses were
accounted for and resulted in an overall closure within 1% in spite
of a poor ash balance which had little impact because of the low mass
involved within the fifteen hour period selected.

The heat balance was based on the mass flows in Table II and
was closed to within 5 1/2%. All computed losses from the shell
to the air (using temperatures from the shell temperature alarm
system) and measured losses to cooling agents were included.

Shell temperatures of 270°F were measured at the oxidation zone in
surprising agreement with 280°F calculated from the properties in
Table I. ’

Heat and mass balances for the shorter 300 psig run were not
obtained, but Figure 6 shows the resulting pressure and higher
heating value variations. The run was shut down normally after 9 1/2
hours. An average steam/air ratio of 0.2 1lbm/lbm was employed
during this run and a well-clinkered ash was discharged.

At the conclusion of the 200 and 300 psig runs, the gasifier
was disassembled and the inner refractory inspected. The lower
part of the shaft was coated with slagged ash to a depth allowed
by the paddle diameters on the coal and grate agitators. There
were many signs that the ash was fractured by the agitators but no
evidence that the refractory was failing due to internal fractures,
i.e., ash was breaking from ash rather than refractory breaking from
refractory when agitator forces were applied.

DISCUSSION

The initial test results presented in this paper show that the
GEGAS-D gasifier can operate successfully with this highly caking
coal at low steam consumptions. The carryover of solids to the
cyclone was only about 1% of the coal input even though crushed,
run-of-mine coal was employed with agitation.

Continuous agitation with the upper stirrer covering the two-
feet vertical region below the top of the coal bed with only
periodic deep-bed penetrations was adequate for this difficult
fuel. At the agitation rates employed during these two runs, the
frequency of deep-bed penetration was satisfactory when so timed
that one and one-half to two feet of axial coal movement was
permitted between penetrations. Penetration by the (lower) ash zone
agitator was required about every three-to-six inches of ash movement.
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The resulting gas analyses compare favorably with results
obtained in the experiments of Lewis, Liberatore, and McGee (2],
Table IV compares the results. The air/coal ratio is 20% less
in the present experiments, with only 8% of this reduction
attributable to the amount of fixed carbon in each fuel and
about 2% for difference in steam usage leaving a 10% real improve-
ment in air utilization. This improvement, and the overall increase
in cold gas efficiency, is attributable largely to the difference
in coal bed containment in the two systems. The present gasifier
was well insulated and had measured and computed losses of 3.7% of
total input enthalpy. The heat losses estimated by Lewis, et. al.
for their tests was 10-13%.

The ability of the stirred, fixed bed gasifier to produce a
continuous flow of a rich gas in a reliable fashion with a highly
caking coal at pressure was affirmed in these preliminary GEGAS-D
trials. Moreover, the operating characteristics of the gasifier
seem well-suited for combined-cycle powerplant applications.
Instantaneous demands for gas can be met initially by only increasing
flows of air and steam to the reactor. The accompanying necessary
increase in coal flow can be deferred for several minutes because
of the large carbon inventory in the system. The ability to abort
operation, bank for long periods of time, and even bottle up hot
for hours without reignition on restart has been achieved without
either bed "dumping" phenomena or specialized solids handling
procedures. This is very attractive for load-following operations
in power plants. The fact that this high coal-to-gas conversion is
obtained in a single process step is viewed as an additional advantage.

CONCLUSIONS

It is concluded from these preliminary trials that crushed, run-of-
mine, highly caking Pittsburgh 48 coal can be gasified successfully in
a fixed-bed gasifier with periodic deep-bed agitation. This verifies
and extends results obtained on the Morgantown Energy Research Center
gasifier with continuous deep~bed agitation. Results from both
experiments confirm that this difficult coal can be gasified with a
low steam consumption with steam-to-air mass ratios near or less
than 0.2 in the reactor blast at pressures between 6 and 20 atmospheres.
Moreover, the present experiment has given a preliminary indication
that refractory-lined shafts are compatible with low steam/air,
stirred-bed operations with this difficult coal. The use of insulated,
rather than water-cooled shafts and periodic vs. continuous bed
agitation seems to be worth from 5 to 10 points in cold gas conversion
efficiency in 3 to 3 1/2 foot diameter pilot units.

Further work will attempt to quantify the ability to respond

quickly to load demands and to measure the effects of demand on gas
quality and process efficiency.
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Reference (2) (MORGAS) These Results (GEGAS)
Run 1 l 2 200 psig 300 psig
Coal Analysis } 1
Ultimate % C 76 .9 67.42
H 5.5 4,98
(o] 6.2 7.39
N 1.3 1.35
S 2.4 3.82
Ash 7.7 15.02
Prox. % Hy0 1.3 2.53
VM 36.8 32.75
FC 54,2 49,70
Ash I.D. Temp. (°F) (Reducing) 2010
FSI 8 7
HHV (Btu/lbm) 13850 12303
Steam/Air (lbm/lbm) 0.15 0.16 0.17
Pressure (psig) 80 80 225 300
Air/Coal (lbm/lbm) 3.32 3.31 2.63 e
Gas (dry, cold %):
Averages Not
20.0 20.5 23.8 Made
15.5 15.6 17.0
CHg 2.8 2.4 3.2
coy 7.2 8.7 6.7
N 54.5 53.2 49.2 }
HHV Btu/sft§ 142 145 160 165 (cf. Fig.6)
Efficiency:
g_o_ld Gas HHV o 64 68 74 —-—-
Coal HNV 9]

Table V.

Comparison with Results of Lewis et al.
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